Abstract-Recent results have shown that texture discrimination is an asymmetrical process; texture A within texture B may be much easier to detect than texture B within texture A. Two questions regarding discrimination asymmetries are addressed: (i) what sorts of textural properties are associated with discrimination asymmetries; and (ii) what sort of architecture would yield asymmetries. Two experiments show that discrimination asymmetries obtain when textures comprise circles of different sizes (large circles are easier to detect in small than vice versa) and when circles differ only in the regularity of their placement (irregularly placed circles are easier to detect in a background of regularly placed circles than vice versa). A plausible account of texture discrimination would involve the decomposition of images via a set orientation and scale selective filters followed by a second layer of filtering to detect energy differences between adjacent regions in the original convolutions. Discrimination asymmetries provide prima facie evidence against such a model because it involves only local measurements and comparisons. We propose that discrimination asymmetries are elegantly explained if it is assumed that the responses of the orientation and scale selective filters are normalized by the degree to which similarly tuned operators are responding elsewhere in the image; viz., global normalization of filter responses. However, there are cases where such global normalization is not required to explain asymmetrical discrimination.
INTRODUCTION
One view of vision holds that the retinal image is parsed into regions that are homogeneous with respect to such properties as colour, luminance and texture prior to the invocation of specific hypotheses about the content of the image. Partly because of the potential functional role texture may play in vision there has been keen interest in the ease with which we are able to discriminate regions of different texture.
There has been a great deal of discussion about how texture is represented within the early visual system. Obviously, not all information in the textured image is retained because not all physically distinct textures are discriminable. One suggestion is that textures may be represented by their energy in a few spatial frequency bands (Richards, 1979; Harvey and Gervais, 1981) . Another is that differences in the joint probability distributions of grey levels account for discrimination (Julesz et al.,1973) . Both of these approaches fail in general because they involve average measures which obscure significant local luminance structures (called 'textons' by Julesz (1981) ) important to discrimination (Julesz, 1981 (Julesz, , 1984 Caelli, 1985) . For example, if textures are represented by integrating the rectified outputs of scale selective filters over large image regions, then there can be no distinction between iso-spectrum textures differing in the phase relations between their component frequencies (Caelli et al.,1985) . Similarly, the representation of textures as distributions of dipoles (Julesz et al., 1973) can not account for the discriminability of isodipole textures (Caelli and Julesz,1978) . Thus, the prevailing view is that texture discrimination is based on differences in local luminance structure within textures (Beck, 1982; Julesz and Bergen, 1983; Caelli, 1985) . Julesz's (1981 Julesz's ( , 1984 Julesz's ( , 1986 well know texton theory suggests that spontaneous texture discrimination occurs only when two adjacent textures differ significantly in the density of small blob-like objects (textons) having particular orientations, lengths, widths, colour and intensity. Texton theory captures the essential dependence of texture discrimination on differences in local luminance structure but remains neutral regarding how such primitives are extracted from arbitrary images (although see Marr (1982) and Voorhees and Poggio (1988) ). Several recent reports have suggested that the articulation of specific textons may not be necessary. Rather, texture discrimination may be a relatively direct consequence of the way in which textures differently stimulate simple, local operators in the early visual system (Caelli, 1985; Beck et al., 1987; Gurnsey and Browse, 1987, 1988; Bergen and Adelson, 1988) .
While the debate continues about the best way to represent textures, a recent empirical finding promises to shed light on the nature of the processes involved in texture discrimination. Gurnsey and Browse (1987) showed several cases in which texture discrimination was highly asymmetrical. For example, the two textural displays shown in Fig. 1 , when presented briefly, do not elicit the same probability of a correct discrimination. When presented at a display duration of 67 ms subjects were 81% correct in locating a region of L s embedded in a background of x s but, at the same display duration, were only 41% correct in locating a region of x s in a background of L s (Gurnsey and Browse, 1987) . If it is assumed that texture discrimination involves the local detection of differences in textural properties between adjacent image regions (Beck, 1982; Julesz, 1984) then the observed asymmetries are highly counterintuitive: How could a locally acting 'texture contrast detector' give a different response to a transitions from L s to x s depending on whether the L s (for example) formed the foreground or background region?. Discrimination asymmetries have been recently reported in the visual search literature (Julesz, 1981; Beck, 1982; Triesman and Souther, 1985; Enns, 1988 ; Treisman Figure 1 . The left panel shows a regions of L s embedded in a background of x s and the right panel shows a region of x s embedded in L s. When these are presented for very brief exposures (67-167 ms.) subjects find the left panel far easier to discriminate than panel B. Differences in micropattern size ( L s are 40% larger than x s as measured by their minimum enclosing circles) or differences in emergent features (the L s appear more disorganized than the x s) may be related to the observed discrimination asymmetry.
